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1
MUSICAL INSTRUMENT SWITCHING
SYSTEM

RELATED APPLICATION

This application claims priority from U.S. Provisional
Application No. 61/368,514, filed on Jul. 28, 2010, entitled
“MUSICAL INSTRUMENT SWITCHING SYSTEM.”

FIELD OF THE INVENTION

The invention pertains to the field of signal switching sys-
tems, and, more specifically, to signal switching systems used
in musical instruments for combining and routing audio and
instrument sound pickup devices.

BACKGROUND OF THE INVENTION

There are numerous systems, devices and methods for
combining instrument sound pickup devices. Among these
systems are manual and preset combination circuits.

Manual combination circuits have been used on instru-
ments, such as, for example, electric guitars for many years.
Advantageously, manual combination circuits are relatively
inexpensive to manufacture and do not require any program-
ming to combine the signals from various pickups. However,
manual combination circuits entail several problems.

A first problem with manual combination circuits is that
they are limited in number of combinations that a musician
can memorize and/or access. Secondly, manual combination
circuits are limited to the number of physical switches that
can be placed on an instrument. For example, it would be
impractical to have a hundred or more physical switches on an
instrument to provide the equivalent number of combina-
tions. Thirdly, manual combination circuits require physical
rewiring that are cumbersome and require skills that the user
often does not possess. Fourthly, if the switching combination
is complex, the ability to change combinations with a manual
combination circuit must generally be limited, to prevent the
signal stream from being interrupted.

Preset combination circuits, by comparison, are more effi-
cient because all of the combinations are permanently preset
during the manufacturing process. Disadvantageously, how-
ever, permanently preset combination circuits limit the rep-
ertoire of the musician. The musician can only combine sig-
nals in the presets.

Therefore, there exists a need for a musical instrument
switching system for combining and routing a plurality of
audio and/or instrument sound pickup devices which avoids
these problems in the prior art.

SUMMARY OF THE INVENTION

The invention satisfies this need. The invention is a musical
instrument comprising a) a control circuit 200 controllable
for combining and routing the analog audio, the circuit 200
comprising a plurality of instrument pickups 202 for trans-
mitting analog audio, and a controller connector for allowing
connection of the circuit to a computing device, and b) a
software program, installable in the computing device, for
modifying the characteristics of the musical instrument.

The invention is also a method of playing a musical instru-
ment having the musical instrument switching system
described above. The method comprises the steps of a) pre-
setting the computing device to change one or more of the
characteristics of the musical instrument, b) selecting one or
more of the characteristics, ¢) activating the selected charac-

10

15

20

25

30

35

40

45

50

55

60

65

2

teristics, d) playing the musical instrument with the selected
characteristics, e) selecting a different characteristic than was
selected in step ¢) on the external computing device; and f)
repeating steps ¢ and d.

The invention employs a digitally controlled device (ma-
trix) to connect multiple pickup devices, each with a plurality
of electrical connection points, in any combination possible
of those connection points, to produce a wide variety of
sounds, and that any possible combination of the connection
points can be programmed and saved to be recalled using
controls on the instrument or by external control devices.

DRAWINGS

These and other features, aspects and advantages of the
present invention will become better understood with refer-
ence to the following description, appended claims and
accompanying drawings where:

FIG.1 is a diagram of a musical instrument having features
of the invention;

FIG. 2 is a block diagram of a control circuit for a musical
instrument switching system having features of the invention;
and

FIG. 3 is a flowchart of steps in a method of playing the
musical instrument of FIG. 1.

DETAILED DESCRIPTION OF THE INVENTION

The following discussion describes in detail one embodi-
ment of the invention and several variations of that embodi-
ment. This discussion should not be construed, however, as
limiting the invention to those particular embodiments. Prac-
titioners skilled in the art will recognize numerous other
embodiments as well.

According to one aspect of the present invention, there is
provided a musical instrument switching system using hard-
ware and software for combining and routing a plurality of
audio, instrument sound pickup, or both audio and instrument
sound pickup devices that is easy to use and modifiable during
use. According to another aspect of the present invention,
there is provided a method for using a musical instrument
switching system using hardware and software for combining
and routing a plurality of audio, instrument sound pickup, or
both audio and instrument sound pickup devices that is easy
to use and modifiable during use.

The musical instrument switching system 10 of the inven-
tion comprises a) a control circuit 200 for combining and
routing analog audio connected to a plurality of musical
instrument pickups 202, and b) a software program 12. One
embodiment of this aspect of the invention is illustrated in
FIGS. 1-3.

As illustrated in FIG. 1, the control circuit 200 is disposed
within a musical instrument 100. The software program 12
can either be disposed within the musical instrument 100 or
disposed external to the musical instrument 100. In the
embodiment illustrated in FIG. 1, the software program 12 is
disposed within a computing device 14 that is external and
spaced apart from the musical instrument 100. The term
“computing device” as used in this application includes, but is
not limited to, computers, cellular phones, handheld comput-
ers and other devices that are capable of executing pro-
grammed instructions contained in a storage medium, includ-
ing machine readable medium.

The software program 12 is adapted to allow the user to
select various options for modifying the characteristics of the
musical instrument 100. The term “characteristic” as used in
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this application refers to the tone, quality, voice, volume,
resonance and other indicia of an instrument that produce a
desired sound.

In a typical embodiment, the software program 12 has user
selectable options for modifying the characteristics of the
musical instrument 100 which can comprise a) an option for
setting the musical instrument 100 in a predetermined fashion
for a desired tonality, characteristics and volume, b) an option
for assigning a bank of presets to a specific switch on the
musical instrument, ¢) an option for setting each preset to a
specific switch position on the musical instrument, d) an
option for assigning an instrument scheme to all presets and
banks of the musical instrument 100, and/or e) an option for
assigning a specific functionality to a specific control or
switch on the musical instrument 100.

The musical instrument 100 illustrated in FIG. 1 further
comprises various controls and switches 102, 104, 106, 108
and 110 for adjusting the characteristics of the musical instru-
ment. The controls and switches 102-110 are operable to
adjust the characteristics of the musical instrument 100 with-
out altering the analog audio produced by the musical instru-
ment 100. The controls and switches 102-110 can be multi-
functional switches which are alternatively connected to the
microprocessor 212 and to the switching matrix 204. In the
embodiment illustrated in FIGS. 1 and 2, the controls and
switches 106, 108 and 110 are multifunctional switches
which are connectable to the microprocessor 212 to act as
instrument control switches, and are alternatively connect-
able to the switching matrix 204 to control passive tone con-
trol and active tone control (control and switch 106), blend
control (control and switch 108) and volume control (control
and switch 110).

The musical instrument illustrated in FIG. 1 also comprises
an audio output jack 115 for attaching the musical instrument
100 to an amplifier, headphones or the like.

The musical instrument 100 illustrated in FIG. 1 is a guitar.
However, other instruments can be adapted for use in the
invention, as well.

As best seen in FIG. 2, the control circuit 200 of the inven-
tion comprises the plurality of instrument pickups 202 for
transmitting analog audio, and one or more controller con-
nectors 116 for allowing connection of the control circuit 200
to the computing device 14.

Embodiments of the control circuit 200 can be imple-
mented by a wide variety of methods known to those in the art,
including hardware, software, firmware, middleware, micro-
code, or a combination thereof. When implemented in soft-
ware, firmware, middleware or microcode, the program code
or code segments to perform the necessary tasks can be stored
in a machine-readable medium such as a storage medium or
other storage(s). One or more than one processor or program-
mable microcontroller 212 can perform the necessary tasks. A
code segment can represent a procedure, a function, a sub-
program, a program, a routine, a subroutine, a module, a
software package, a class, or a combination of instructions,
data structures, or program statements. A code segment can
be coupled to another code segment or a hardware circuit by
passing and/or receiving information, data, arguments,
parameters, or memory contents. Information, arguments,
parameters, data, etc. can be passed, forwarded, or transmit-
ted through a suitable means including memory sharing, mes-
sage passing, token passing, network transmission, etc.

The control circuit 200 circuit typically further comprises
pickup wiring, preamp routing, and output routing. The con-
trol circuit 200 is adapted to provide the ability to alterna-
tively connect different subcircuits of the pickup wiring,
preamp routing, and output routing to one another. Preferably,
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the control circuit 200 for combining and routing analogue
audio can combine each of the plurality of instrument pickups
202.

In the musical instrument 100 illustrated in FIG. 1, the one
or more controller connectors 116 can comprise a USB con-
nection, an 8-pin DIN connector (used to send/receive digital
data and potential audio signals—analogue or digital), a
multi-pin connector, stereo ¥4 inch output jacks for analogue
audio signals, or such other connective devices yet to be
developed which allow the operative connecting of the con-
trol circuit 200 to the computing device 14. An interface port
117 is typically used to allow connection between an external
computing device 14 and the one or more controller connec-
tors 116.

The control circuit 200 further comprises a) a digitally
controlled analog switching matrix 204 connected to the con-
trol circuit 200, b) the microcontroller 212 connected to the
digitally controlled analog switching matrix 204, ¢) a power
supply 220, d) an audio mixer 224, ) an audio buffer 226, and
) one or more than one output 228 connected to the control
circuit 200.

Typically, the plurality of musical instrument pickups 202
are selected from the group comprising a humbucker pickup,
a single coil pickup, a piezoelectric pickup and a microphone
pickup. Other musical instrument pickups 202 can also be
employed in the invention.

Instrument 100 typically further comprises an audio mixer
224 to provide a means to combine a plurality of audio signal
sources into one composite signal such that the level of any
one of the individual signal sources has no eftect on the level
or frequency characteristics of the other signal sources.

Also, an audio buffer 226 can be employed as an isolation
stage for conditioning the one or more audio signals. The one
ormore than one output 228 provides a connection to transmit
one or more than one audio signal out of the musical instru-
ment.

In the embodiment illustrated in FIG. 2, the plurality of
instrument pickups 202 are connected to the switching matrix
204. The switching matrix 204 is configured to route audio
generated by the instrument pickups 202 in all combinations,
including serial combinations, parallel combinations, in
phase combinations, and out of phase combinations and any
combination of combinations.

The switching matrix 204 is operably connected to one or
more than one of the controls and switches 102-110 so as to
allow the instrument controls and switches 102-110 to be
used to alter the characteristics of the musical instrument and
can mix various characteristics with each other to produce
unique sounds.

The switching matrix 204 can optionally be operably con-
nected to a piezo-electric pickup preamp output 206. In such
embodiment, the audio generated by the instrument pickups
202 can be mixed with the piezo-electric pickup preamp
output 206.

The switching matrix 204 can also route the audio gener-
ated by the instrument pickups 202 through a passive pream-
plifier 208, an active preamplifier 210 or both a passive
preamplifier 208 and an active preamplifier 210.

Still further, the switching matrix 204 can be optionally
connected to a microphone pickup and preamplifier 222, an
audio mixer 224, an audio buffer 226, or one or more than one
output 228.

As noted above, the control circuit 200 further comprises a
programmable microcontroller 212 operably connected to the
switching matrix 204. The programmable microcontroller
212 is also operably connected to an external memory 214
storage for storing settings of the switching matrix 204. The
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external memory 214 comprises one or more devices for
storing data, including read-only memory (ROM), random
access memory (RAM), magnetic disk storage mediums,
optical storage mediums, flash memory devices and/or other
machine readable mediums for storing information. The term
“machine readable medium” includes, but is not limited to
portable or fixed storage devices, optical storage devices,
wireless channels and various other mediums capable of stor-
ing, containing or carrying instruction(s) and/or data.

The programmable microcontroller 212 is used for select-
ing and storing information from the system presets and
banks. The term “preset” refers to a single setting that “wires”
the musical instrument in a predetermined fashion for a
desired tonality. This can include, but is not limited to pickup
wiring, preamp routing, and output routing. Each setting can
be allocated to a specific switch position. The term “bank™
refers to all presets assigned to a specific switch.

The switching matrix 204 combines and routes the signal
path of the inputs through any of the controls, mixer, and/or
buffer, to the output. The power supply unit 220 energizes the
control circuit 200 and enables the routing and combining of
the input signals. The power supply 220 can be energized in
any manner currently known in the art. The control circuit 200
can be connected to the computing device 14, such as, for
example, a smartphone, through any known wired or wireless
means, such as, for example, universal serial bus (USB),
Bluetooth® or WiFi among others. The control circuit 200
can have information transferred to and from the program-
mable microcontroller 212 or the external memory 214 to
change banks, presets or musical instrument schemes by
manual selection of controls and switches 102-110, the com-
puting device 14 or both manual selection of the controls and
switches 102-110 and the computing device 14.

The programmable microcontroller 212 can be activated
by a user using the musical instrument controls and switches
102-110 to recall previously saved switching matrix 204 set-
tings to configure the musical instrument 100 to output
selected characteristics. Additionally, individual musical
instrument controls and switches 102-110 , can be config-
ured, or assigned, by the user to save or recall one or more
than one routing or mixing combinations, functions, actions
or other information stored in the external memory 214.

The programmable microcontroller 212 can also be pro-
grammed using external means by way of the software pro-
gram 12 loaded onto the computing device 14 using digital
communications protocols 218 connected to the program-
mable microcontroller 212. As will be appreciated by those
with skill in the art, the digital communications protocols 218
can be any applicable protocol, such as, for example, univer-
sal serial bus (USB), musical instrument 100 digital interface
(MIDI), or universal asynchronous receiver/transmitter
(UART) among others. The digital communications proto-
cols 218 can be use by any computer, smartphone, or Internet
device capable of connecting to the programmable microcon-
troller 212 using the selected protocol 218. The program-
mable microcontroller 212 can also be controlled using musi-
cal instrument control board devices external to the musical
instrument thereby providing greater flexibility and control of
the musical instrument 100.

As noted above, the programmable microcontroller 212 is
also operably connected to the power supply unit 220,
whereby the power supply unit 220 provides power to the
control circuit 200. The programmable microcontroller 212
can be pre-programmed to power down the control circuit 200
to ensure that a proper shutdown procedure is followed, or
after a prolonged period of inactivity to conserve energy.
Additionally, the power supply 220 can provide digital power,
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analog power or both digital and analog power to the control
circuit 200. The digital and analog power provided by the
power supply 220 can be used for any component contained
within the musical instrument 100 or connected to the musi-
cal instrument 100.

Stored settings in the external memory 214 can be recalled
and activated by the programmable microcontroller 212 using
the musical instrument controls and switches 102-110
mounted on the musical instrument 100, such as, for example,
the controls and switches 102-110 on a conventional guitar.
Moreover, the external memory 214 can comprise instruc-
tions for programming the programmable microcontroller
212, or be used by the microcontroller 212 as storage. In this
embodiment, the controls and switches 102-110 mounted on
the musical instrument 100 are used as digital inputs to con-
trol the programmable microcontroller 212, not as mechani-
cal switches, for controlling the audio generated by the instru-
ment pickups 202. Analog inputs are also provided to the
switching matrix 204 from the controls and switches 102-110
that are dual purpose providing both analog and digital sig-
nals to the switching matrix 204. Further, all the controls and
switches 102-110 can have programmable functionality so
that the individual setting of the controls or switches 102-110
sends instructions to the microcontroller 212 to alter the char-
acteristics of the musical instrument 100. Typically, there is
provided a muting circuit used to ground the audio and con-
trol signals to silence the musical instrument 100 when the
user operates a selected one of the available controls and
switches 102-110. The functionality provided by the controls
and switches 102-110 to alter the characteristics of the musi-
cal instrument 100 can also include assigning a bank of pre-
sets to a specific switch on the musical instrument 100, setting
each preset to a specific control and/or switch 102-110 posi-
tion on the musical instrument 100 and assigning a scheme to
all presets and banks of the musical instrument 100 among
others. As can be appreciated, the number and amount of
functionality that can be assigned and/or stored is limited to
the number of controls on the musical instrument 100. The
number and amount of functionality that can be assigned
and/or stored using an computing device 14 connected
through the one or more than one control connector 116 is
only limited by the software program 12 installed on the
computing device 14.

The switching matrix 204 can also comprise one or more
than one switch matrix integrated circuits (ICs) to route or
combine the route audio generated by the instrument pickups
102. Although the switching matrix 204 and the program-
mable microcontroller 212 are digitally controlled, the audio
generated by the instrument pickups 202 are not combined
with any digital signals. These analog audio signals can be
adjusted using dual purpose controls and switches 102-110 as
inputs into the switching matrix 204. The digital control sig-
nals and analog audio signals are completely separate from
one another so there is no emulation in the audio signal path.

A musical instrument can be played by a method compris-
ing the steps of a) providing a musical instrument having the
musical switching system of the invention 10, b) presetting
the computing device to change one or more of the charac-
teristics of the musical instrument, ¢) selecting one or more of
the characteristics, d) activating the selected characteristics,
e) playing the musical instrument with the selected charac-
teristics, f) selecting a different characteristic than was
selected in step ¢) on the external computing device, and g)
repeating steps d through f.

Referring now to FIG. 3, there is shown a flowchart 300 of
steps for one specific embodiment of the method of the inven-
tion for playing the musical instrument of the invention 100.
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First the musical instrument 100 and the control circuit 200
are provided to a user. Then, the user can preset the musical
instrument 100 in step 302 using the controls and switches
102-110 provided on the musical instrument 100, or an com-
puting device 14. Then, the microcontroller 212 is preset in
step 304 to change one or more of the characteristics of the
musical instrument 100. Next, in step 306, the user selects one
or more of the characteristics to use while playing the musical
instrument 100. Then, in step 308, the user activates the
selected characteristics. Finally, the user plays the musical
instrument 100 with the selected characteristics. While play-
ing, the user can select different characteristics on the external
computing device 14 or using the controls and switches 102-
110 on the musical instrument 100, and then repeat the steps
above to play the musical instrument 100 using the newly
selected characteristics.

The invention provides the user with a myriad of important
capabilities and functions, typically including, but not limited
to:

Capabilities to route audio signal generated by one or more
instrument pickups in any/every possible combination
of serial, parallel, in phase, and out of phase

Capabilities to mix and route variations of the above with
each other

Capabilities to mix and route the above with a piezo pickup
preamp output

Capabilities to mix and route the above with a microphone
pickup

Capabilities to route the audio path through a passive or
active preamp

All of these routing/mixing combinations can be assigned
to/recalled from any switch position

Utilizes one or a combination of switch matrix ICs to
perform some or all the above

Utilizes a programmable microcontroller with ability to
store settings in memory and recall them based on user
input

Utilizes digital inputs, outputs, and microcontroller to con-
trol analog audio signal

Digital control signals and analog audio signals are com-
pletely separated

There is no emulation in the audio signal path

Off board programmability (web, PC, or mobile applica-
tions) via digital protocols (USB, MIDI, UART)

Off board controlling of on board devices (application
controlling microcontroller)

On board controls are similar or exactly the same as con-
ventional guitar/bass controls

Can utilize conventional guitar/bass control switches as
digital inputs, not mechanical switches directly in audio
signal path

All switches have programmable functionality

Utilizes a “muting” circuit to silence signal when desired

Circuit can power itself off to ensure proper shut-down
procedure

Having thus described the invention, it should be apparent
that numerous structural modifications and adaptations can
be resorted to without departing from the scope and fair
meaning of the instant invention as set forth hereinabove and
as described hereinbelow by the claims.

What is claimed is:

1. A musical instrument switching system comprising:

a) a control circuit controllable for combining and routing

a first analog audio signal and a second analog audio
signal produced by the playing of a musical instrument,
the control circuit comprising one or more musical
instrument pickups for transmitting the first and second
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analog audio signals, and a controller connector for
allowing connection of the control circuit to a computing
device for generating a digital control signal configured
to route the second analog audio signal through a digi-
tally controlled analog switching matrix, wherein the
digital control signal and the first analog audio signal are
not combined; and

b) an amendable software program configured for modify-
ing the digital control signal to thereby modify the one or
more audio characteristics of the musical instrument;
and

¢) a microcontroller connected to the digitally controlled
analog switching matrix configured for combining the
first and second analog audio signals into one or more
composite signals.

2. The system of claim 1, where the one or more of musical
instrument pickups are selected from the group comprising a
humbucker pickup, a single coil pickup, a piezoelectric
pickup and a microphone pickup.

3. The system of claim 1, where the control circuit further
comprises:

a) a digitally controlled analog switching matrix connected

to the control circuit;

b) an interface port connected to the control circuit for
connecting a computing device;

¢) a power supply connected to the control circuit to pro-
vide power; and

d) an output connected to the control circuit for transmit-
ting the composite signal out of the musical instrument.

4. The system of claim 1, where the control circuit can
combine each of the one or more musical instrument pickups.

5. The system of claim 1, where the software program
comprises user selectable options for modifying the charac-
teristics of the musical instrument.

6. The system of claim 5, where the user selectable options
for modifying the characteristics of the musical instrument
further comprises:

a) an option for setting the musical instrument in a prede-
termined fashion for a desired tonality, characteristics
and volume;

b) an option for assigning a bank of presets to a specific
switch on the musical instrument;

¢) an option for setting each preset to a specific switch
position on the musical instrument;

d) an option for assigning a musical instrument scheme to
all presets and banks of the musical instrument; and

e) an option for assigning a specific functionality to a
specific control on the musical instrument.

7. The system of claim 6 wherein the system further com-
prises pickup wiring, preamp routing, and output routing, and
wherein the option for setting the musical instrument in a
predetermined fashion for a desired characteristic provides
the ability to operatively connect the pickup wiring, preamp
routing, and output routing to one another.

8. The system of claim 1 wherein the computing device is
an external computing device, in that it is not rigidly attached
to the musical instrument.

9. The system of claim 1, wherein the musical instrument
comprises

a stringed musical instrument.

10. The system of claim 9, further comprising selectable
options for modifying the characteristics of the musical
instrument, the user selectable options further comprising:

a) an option for setting the musical instrument in a prede-
termined fashion for a desired tonality, characteristics
and volume;
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b) an option for assigning a bank of presets to a specific
switch on the musical instrument;

¢) an option for setting each preset to a specific switch
position on the musical instrument;

d) an option for assigning a musical instrument scheme to
all presets and banks of the musical instrument; and

e) an option for assigning a specific functionality to a
specific control on the musical instrument.

11. A musical instrument switching system comprising:

a) a control circuit controllable for combining and routing
one or more analog audio signals produced by the play-
ing of a musical instrument;

b) a plurality of musical instrument pickups for producing
and transmitting the one or more analog audio signals;
and

¢) a controller connector configured to route digital control
signals to a firmware program, the firmware program
being installable in an internal computing device con-
figured to generate a digital control signal to a digitally
controlled analog switching matrix, the digitally con-
trolled analog switch matrix configured for combining
and routing several separate analog audio signal sources
into one or more composite signals comprising the one
ormore analog audio signals, wherein the digital control
signals and one or more analog audio signals are not
combined; and

d) an amendable software program, installable in an exter-
nal computing device configured to send and receive
digital control signals to and from the firmware program.

12. The system of claim 11, where the control circuit fur-

ther comprises:

a) an interface port connected to the circuit for connecting
a computing device;

b) a power supply connected to the circuit to provide
power;
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¢) an audio mixer connected to the circuit for combining
several separate audio signal sources into one composite
signal;

d) an audio buffer connected to the circuit for separating
controls and other devices to prevent interaction; and

e) one or more than one output connected to the circuit for
transmitting one or more than one audio signal out ofthe
musical instrument.

13. The system of claim 11, where the control circuit can

combine each of a plurality of musical instrument pickups.

14. The system of claim 11, where the software program
comprises user selectable options for modifying the charac-
teristics of the musical instrument.

15. The system of claim 14, where the user selectable
options for modifying the characteristics of the musical
instrument further comprises:

a) an option for setting the musical instrument in a prede-
termined fashion for a desired tonality, characteristics
and volume;

b) an option for assigning a bank of presets to a specific
switch on the musical instrument;

¢) an option for setting each preset to a specific switch
position on the musical instrument;

d) an option for assigning a musical instrument scheme to
all presets and banks of the musical instrument; and

e) an option for assigning a specific functionality to a
specific control on the musical instrument.

16. The system of claim 15 wherein the system further
comprises pickup wiring, preamp routing, and output routing,
and wherein the option for setting the musical instrument in a
predetermined fashion for a desired characteristic provides
the ability to operatively connect the pickup wiring, preamp
routing, and output routing to one another.

17. The system of claim 11 wherein the computing device
is an external computing device, in that it is not rigidly
attached to the musical instrument.
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